Abstract. In this paper, we link the discrete Fourier transform (DFT) with spatial smoothing method for the problem of direction of arrival(DOA) estimation with nested arrays and proposed a neoteric algorithm. The existing algorithms with nested arrays based on spatial smoothing method are effective, but essentially suffer from searching peaks being in whole sector. To solve the problem above, we first vectorize the covariance matrix of the received signal to acquire the observation vector that behaves like an extended received signal of a much longer array. We second exploit DFT method to achieve the coarse initial DOA estimates. Finally, according to the spatial smoothing MUSIC algorithm, we acquire the angle estimation by peak searching around the coarse initial DOA estimates. Simulation results validate the superiority of the proposed method in DOA estimation performance, as compared to the existing spatial smoothing MUSIC algorithm with nested array.
Introduction
The Direction of arrival (DOA) estimation problem so far has been extensively investigated in engineering applications such as medical imaging, radar, navigation and wireless communications [7] . In the past decades, kinds of algorithms have been proposed, among which the subspace algorithms, e.g., multiple signal classification (MUSIC) [2] , estimation of signal parameters via rotational invariance techniques (ESPRIT) [5] , have aroused considerable attention due to the capability of high resolution. But, most existing algorithms are concentrated on the uniform linear array (ULA) whose inter-element spacing is smaller than half wavelength and for a ULA with P physical sensors, the degree of freedom (DOF) is limited to 1  P . Nested array [4] with a neoteric non-uniform array geometry is proposed to dramatically provide an increase in respect of DOF and improve the DOA estimation performance. It is certificated in [4] that it can provide ) ( 2 P O DOF with P physical sensors. In [4] , the spatial smoothing MUSIC (SS-MUSIC) algorithm with nested array was proposed, which is applicable for Gaussian signals. However, searching peaks for SS-MUSIC algorithm are over a whole sector so that the computation of SS-MUSIC algorithm is ineffective.
In this paper, we link the discrete Fourier transform (DFT) with spatial smoothing method for the problem of direction of arrival(DOA) estimation with nested arrays and proposed a neoteric algorithm. We first vectorize the covariance matrix of the received signal to acquire the observation vector that behaves like an extended received signal of a much longer array. We second exploit DFT method to achieve the initial DOA estimates. Finally, according to SS-MUSIC algorithm, we obtained the angle estimation by peak searching around the coarse initial DOA estimates.
Nations:lower-case (upper-case) bold characters to denote vectors (matrix). Assume K far-field , uncorrelated and narrow-band signals impinging on the nested array from the angles located at ] , , , [
The received signal by the nested array can be expressed as [7] . 
where ) , , , (
 denotes the average power of the th k signal. Actually, the autocorrelation matrix of the signal with finite number of snapshots can be written as [8] .
where
and L denotes the number of snapshots.
Proposed Method for DOA Estimation

Vectorization of the Autocorrelation Matrix
According to [8] , we vectorize the autocorrelation matrix of the signal with finite number of snapshots and obtain the new vector, which can be written as
denotes an identity matrix. Note that the vector y in (5) can be regarded as an extended received signal observing with a much longer virtual array. And it has been presented in [4] 
A can be got by removing the repeated rows from e A and the locations of the sensors in the virtual consecutive array are from
. The virtual observation vector is given by
A can be written as
denotes a vector that a one is at the th N )/2) ((1 position and the rest of elements are all zeros.
Initial Estimation
DFT method is one of the traditional non-parametric spectrum analysis methods and has much lower resolution than their parametric counterparts .But the resolution of DFT method still can be improved greatly with massive number of sensors. 
According to [11] , if the virtual consecutive array has infinite number of sensors, that is
and the rest of elements are all zeros so that we can obtain the number of signal sources.Subsequently, the estimate of
Based on the discussion above, the DFT of the extended received signal can be obtained by 
Fine Estimation with SS-MUSIC
We first construct a new matrix
where we have removed the repeated rows and also sorted them and the th -i row corresponds to the senor location
in the difference co-array of the 2 level nested array. This is equivalent to removing the corresponding rows from the observation vector v y and sorting them to obtain a new vector 1 y written as
denotes a vector that a one at the
position and the rest of elements are all zeros. It can be proved that owing to the above mentioned sorting and replacement of repeated rows, the deterministic noise vector changes from U in (5) 
The th -i sub-array corresponds to the th -
rows of 1 y which we write as 
Taking the average of i R over all i ,we obtain
The matrix ss R is the spatially smoothed matrix and it lets us to perform DOA estimate of A and we can apply subspace based algorithms like MUSIC on it to identify up to
sources [4] . By searching peaks of the spatial smoothing MUSIC algorithm, we obtain the fine angle estimation around ini k  .
Performance Analysis
Complexity Analysis
The proposed algorithm needs
Note that in practice, SS-MUSIC needs to search over a big sector which is much larger than the proposed method ,that is 2 1 G G  .So the computational complexity of the proposed algorithm is much lower than SS-MUSIC.
Advantages of the Proposed Algorithm
1) The proposed method search peaks over a small sector around the initial DOA estimates so that the proposed method has lower complexity compared to SS-MUSIC.
2) The proposed method need not to estimate the number of signal sources.
Simulation Results
We will consider a 16-element two-level optimal nested array, where 8
.And the number of sensors in the virtual consecutive array is 143  N . The root mean square error (RMSE) is employed as the performance metric, which can be defined as
where Q is the number of Monte Carlo simulations, kq ˆis the estimate angle the th q trial for the th k theoretical angle k  . In this paper, we set 500
We compare the spectra of the proposed method, DFT method with the nested array as shown in Figure 2 , where
. Note that the searching step is 0.01.The figure above in the Figure. 2 shows the spectra of DFT,and the following one is the spectra of the proposed method.
Simulation2: We compare the RMSE performance of the proposed method, DFT method and SS-MUSIC [4] with the nested array as shown in Figure 3 . Note that the searching step is 0.01.
Simulation3:
We compare the RMSE performance of the proposed method with the nested array versus number of sensors as shown in Figure 4 . It is shown clearly that the RMSE performance. 
Summary
Due to the existing SS-MUSIC algorithms for nested arrays with an expensive computational complexity, in this paper, we link DFT with spatial smoothing method for the problem of DOA estimation with nested arrays and proposed a neoteric algorithm to reduce the complexity.we first vectorize the covariance matrix of the received signal to obtain the observation vector that behaves like an extended received signal of a much longer array. Then we exploit DFT method to achieve the coarse initial DOA estimates. Furthermore, according to spatial smoothing MUSIC algorithm, we obtained the angle estimation by peak searching around the coarse initial DOA estimates. Simulation results validate the superiority of the proposed method in DOA estimation performance.
